Background: The acute phase of shingles is characterized by severe pain, and one of the complications of shingles known as postherpetic neuralgia (PHN) is associated with prolonged pain. Although factors predicting the development of PHN, as well as its preventative measures, have been investigated, there is no single treatment effective for PHN. Some studies showed effectiveness of epidural injection to alleviate pain associated with acute-phase shingles. In these studies, epidural injection was performed by interlaminar (IL) approach. However, transforaminal (TF) approach may be more effective as it enables injection of steroids and local anesthetics closer to the dorsal root ganglion where inflammation primarily occurs. There have not been any studies comparing the analgesic effects of epidural injection approaches for pain associated with acute-phase shingles.
www.painphysicianjournal.com tained, and 40 consecutive patients with acute-phase shingles were enrolled in the study between June 2011 and October 2013. The diagnosis of shingles was made based on the clinical findings (unilateral painful skin rash with blisters along the dermatome) by dermatologists. Serological tests were not performed. All patients provided written or verbal consent.
Patients were included in the study if they were 60 years or older, presented to our clinic within 2 weeks from the initial onset of skin rash, had lesions appearing below level C6, and presented with initial VAS score of greater than 40 (patients rated their pain on a 100-mm line from no pain to unbearable pain).
Patients were excluded if they had the following conditions: reduced limb muscle strengths; bladder and bowel dysfunction; meningitis; disseminated zoster; kidney dysfunction (Cr > 1.5); unmanaged diabetes (HbA1c > 8.0); liver dysfunction (> Child B); gastrointestinal ulcers; allergy to contrast agents, local anesthetics, steroids, or analgesics; and infections at the site of injection. Patients were also excluded if they were on anticoagulants or anti-platelet agents and were unable to withhold from these medications.
At initial presentation, patients were stratified based on their age and gender, and were randomly assigned to receive epidural steroid injections by TF or IL approaches using the block randomization system. There were 4 pain management specialists in our institution. All 4 specialists performed interventions and follow-up visits for their own patients. The specialist who performed the intervention evaluated the patient during the follow-up visits. Both the patients and the experts were not blinded because of the nature of the intervention. Experts from our pain clinic examined the patients, and the dermatome map of the body was used to determine the level of affected nerve root from the location of skin rash. Skin rash was considered severe if it involved 80% or more of the dermatome, moderate if it involved 30-79% of the dermatome, and mild if it involved less than 30% of the dermatome.
Patients' Evaluation
Patients were evaluated at the baseline, as well as at one month and 3 months after the treatment using the VAS and 36-Item Short Form Health Survey (SF-36) scores. VAS score, in which patients rated their pain on a 100-mm line from no pain to unbearable pain (left to right), was used to evaluate the extent of pain, and SF-36 was used to evaluate health-related quality of life. SF-36 consists of 8 scaled scores (vitality, physical S hingles is a common disease, especially among the elderly population. The acute phase of shingles is characterized by severe pain, and one of the complications of shingles known as postherpetic neuralgia (PHN) is associated with prolonged pain (1, 2) . Although factors predicting the development of PHN (3) (4) (5) (6) (7) (8) , as well as its preventative measures, have been investigated, there is no single treatment effective for PHN. A randomized controlled trial (RCT) demonstrated that epidural steroid injection is effective to relieve pain associated with acute-phase shingles (9); however, the treatment is not preventative for PHN. A recent meta-analysis demonstrated that the early use of supplemental interventions, such as stellate ganglion block, paravertebral block (10), and epidural injection, are effective in reducing the occurrence of PHN (11) .
Epidural steroid injection, when performed during the early onset of shingles, is theorized to reduce edema by suppressing the inflammation of nerve roots at an early stage. This will in turn facilitate healing of the affected nerves, suppressing progression to PHN and reducing the extent of pain.
In the previous RCT (9), epidural injection was performed by interlaminar (IL) approach. However, transforaminal (TF) approach may be more effective as it enables injection of steroids and local anesthetics closer to the dorsal root ganglion where inflammation primarily occurs. There have not been any studies comparing the analgesic effects of epidural injection approaches for pain associated with acute-phase shingles.
Thus, we performed a prospective RCT to compare the analgesic effects of IL and TF epidural injection approaches for pain associated with acute-phase shingles.
Objective
We performed epidural steroid injections via TF and IL approaches for pain associated with acute-phase shingles and compared the analgesic effects after one month. We further compared the extent of pain and the frequency of PHN occurrences 3 months after the treatment.
MethOds
This randomized prospective study was conducted at Nara Medical University, Department of Anesthesiology. We determined sample size based on the assumption of Visual Analog Scale (VAS) score at one month: 30 in IL group, 15 in TF group, power of test 0.8, α= 0.05, SD = 20 . The sample size needed was 28 in each group. Institutional Review Board approval was ob-Effect of Epidural Injection for Acute Zoster-Associated Pain functioning, bodily pain, general health perceptions, physical role functioning, emotional role functioning, social role functioning, and mental health), which are the weighted sums of the questions in each section. Each scale is directly transformed into a 0-100 scale on the assumption that each question carries equal weight. The lower the score the more disability. The higher the score the less disability.
Patients with VAS score of over 40 at the 3-month follow-up were considered as having PHN, and the number of patients with PHN was compared between the IL and TF groups.
Interventions
Both injections were performed within 3 days of the initial presentation, and again after one week in both groups.
Epidural puncture was performed close to the affected level. For example, when the left nerve root was affected at T4, injections were performed at T4/5 in the IL group and at left T4 in the TF group. Both IL and TF injections were performed by experienced physicians in the pain clinic under real-time fluoroscopic guidance.
TF group: Patients were placed in a prone position on an x-ray table, and their skin surface was disinfected. The fluoroscopy angle was adjusted so that the pedicle of vertebral arch was aligned with the lower edge of the transverse process (Fig. 1a) . Using a 25-gauge, 60 mm Cattelan needle (Quincke needle, Hakko ), a puncture was performed at the point of 4 cm away from the spinous process along the alignment. The needle tip reached to the base of the transverse process (Fig. 1b) ; then the needle was slid under the transverse process into the intervertebral foramen (Fig. 1c, 1d ). One milliliter of Iohexol was used to confirm the appropriate placement of the needle, and 1.65 mg dexamethasone and 1 mL of 2% mepivacaine hydrochloride were injected (Fig. 2a, 2b ).
IL group: Patients were placed in a prone position on an x-ray table, and their skin surface was disinfected. The fluoroscopy angle was adjusted so that the space between the vertebral arch where injection was planned www.painphysicianjournal.com was widely visible. One percent mepivacaine was injected to induce local anesthesia, and a 22-gauge, 60 mm block needle (Quincke needle, Hakko ) was inserted from the same injection site. X-ray fluoroscopy was used to visualize the block needle, and the loss of resistance technique was used with saline to reach into the epidural space. One milliliter of Iohexol was used to confirm the appropriate placement of the needle tip into the epidural space, and 1.65 mg dexamethasone and 4 mL of 0.5% mepivacaine hydrochloride were injected.
Following both injections, patients rested in bed for 45 minutes and their blood pressure, heart rate, and arterial oxygen saturation were monitored. After the 45-minute rest, patients were discharged after confirming the absence of any complications due to the treatment.
Medication
All patients had been prescribed antiviral drugs (valaciclovir or famciclovir) at the time of initial presentation to our clinic.
All patients were prescribed 60 mg loxoprofen three times a day to manage their pain. In addition, patients were prescribed 0.5 mg etizolam to take before sleep if they presented with insomnia due to the pain.
Patients were also prescribed with a dose of codeine phosphate (20 mg/dose) if they had unbearable pain within one month after the onset of shingles. Administration of other medications, such as anti-depressants, anti-epileptic agents, opioids, and anti-anxiety drugs other than etizolam were prohibited within the onemonth period. These drugs were prescribed after one month when appropriate, as determined by the physician in charge.
Statistical Analysis
Statistical analyses were performed to compare the data between the 2 groups. T-tests were used to compare age, gender, BMI, time from the appearance of skin rash to the initial presentation to our clinic, the initial VAS score, and the initial SF-36 score. Chi-square tests were used to compare the location of the affected area (the thoracic vertebrae or lumbar vertebrae), the presence of allodynia, and the rate of PHN occurrences. Mann-Whitney U tests were used to compare the extent of the loss of sensation in the skin and the severity of skin rash. Two-factor factorial ANOVA was used to compare the VAS and SF-36 scores at the baseline, 1-month, and 3-month follow-up. A P value of less than 0.05 was considered significant. 
Results
A total of 40 patients were randomly assigned to receive injections either by TF approach (n = 19) or IL approach (n = 21). In the TF group, one patient was lost to follow-up at the time of the first treatment, and one patient discontinued the study between the first and second treatments since advanced treatments, such as thoracic sympathetic ganglion block and spinal cord stimulation, were required due to the progressive decrease of muscle strength in the upper limbs. In the IL group, 2 patients were lost to follow-up at the time of the first treatment. At one month following the treatment, 17 patients in the TF group and 19 patients in the IL group were evaluated.
After the 1-month follow-up, an additional one patient in the TF group and 2 patients in the IL group were lost to follow-up. At the 3-month follow-up, 16 patients in the TF group and 17 patients in the IL group were evaluated (Fig. 3) .
Patient characteristics are summarized in Table  1 . Age, gender, and BMI of the patients were not significantly different between the groups. Similarly, there were no significant differences between the groups in terms of the initial VAS score, the lesion level, the time period from the onset of rash to the first intervention with nerve blocks, the degree of sensory loss, and the presence of allodynia. There were no significant differences in the physical component (PCS, physical health) and the role component (RCS, role/social health) of the SF-36 score at baseline; however, the mental component (MCS, mental health) of the SF-36 score was significantly lower in the TF group compared with the IF group (P = 0.033). Patients in the IL group also had more severe forms of skin rash (P = 0.019) than those in the TF group. There were no patients who took any analgesics at baseline.
There were no complications associated with technical procedures, such as puncture of the dura, damage to the nerves, bleeding, and infections. There were no side effects associated with the medications, including allergic reactions.
The initial VAS score was 75.6 ± 13.8 and 65.3 ± 18.2 (mean ± SD) in the TF and IF groups, respectively, and the difference was not statistically significant. There was a statistical interaction between the approaches and time. VAS scores at 1-and 3-month follow-up were significantly lower than those at baseline (P = 2.6×10-20), and there was no difference between the groups (P = 0.56) (Fig. 4) .
There were no significant differences in the SF-36 PCS (physical health) scores at baseline, 1-and 3-month follow-up, and the differences between the treatment groups were not significantly different at each time point (Fig. 5a ). SF-36 MCS (mental health) scores were significantly lower in the TF group at baseline (P = 0.033). There was a significant improvement in the MCS score for both groups at 1-and 3-month follow-up from baseline (P = 0.0013), and there was no significant difference between the groups (P = 0.25) (Fig. 5b) .
SF-36 RCS (role/social health) significantly improved for both groups at 1-and 3-month follow-up from baseline (P = 0.0019), and there was no significant difference between the groups (P = 0.55) (Fig. 5c) .
There was no significant difference between the groups in the occurrence of PHN, calculated as the proportion of patients with VAS scores greater than 40 at the 3-month follow-up (P = 0.10).
discussiOn
To date, the efficacy of nerve block treatment for pain associated with shingles has been evaluated in a limited number of prospective RCTs. They include studies on epidural steroid injections, stellate ganglion block, and paravertebral block for pain associated with acute-phase shingles. Makharita et al performed a double-blind RCT to compare the efficacy of paravertebral blocks with placebo for acute-phase shingles in 143 patients over 50 years of age (10) . They demonstrated that the active group had a significantly shorter time to pain resolution and healing of the skin rash, as well as lower incidence of PHN after 6 months. 
Fig. 4. Changes in VAS (
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One of the studies on epidural steroid injection evaluated the short-term analgesic effect of a single epidural steroid injection (9) . In this study, 598 patients with acute-phase shingles were randomly assigned to receive either a standard therapy (group A) or a standard therapy + one additional epidural steroid injection (group B) to evaluate their VAS scores at 1, 3, and 6 months after the treatment. The VAS score was significantly lower in group B at 1 month, although there was no significant difference between the groups at 3 months after the treatment.
Pasqualucci et al (12) randomly assigned 569 patients with acute-phase shingles to receive either intravenous anti-virus agent plus 60 mg prednisolone (group A), or epidural injection of 40 mg methylprednisolone and local anesthetic by placement of epidural catheter under fluoroscopic guidance (group B). Treatments were administered for one week in both groups. Complete recovery, defined as the proportion of patients without pain or abnormal sensations, at 1, 3, 6, and 12 months after the treatment was significantly higher in group B, suggesting that the epidural administration of steroids and local anesthetics may be more effective than intravenous administration to prevent the development of PHN.
A recent meta-analysis demonstrated that early supplemental interventions reduce the occurrence of PHN (11), indicating that epidural steroid injection may be an effective method to prevent PHN.
Epidural steroid dosing in our study (1.65 mg dexamethasone) is lower than that in the above-mentioned studies (9, 12) . There is a randomized double-blind trial which examined the effective dose of steroids in TFESI for pain reduction in patients with lumbosacral radiculopathy (13) . In this study, 160 patients were randomly assigned to four groups (epidural injections of either 5 mg, 10 mg, 20 mg, or 40 mg of triamcinolone). All groups showed improvement in the verbal numerical rating scale at one week after the second TFESI. However, the group treated with 5 mg triamcinolone showed less improvement in the degree of participant satisfaction compared to the other groups. They concluded that the dose of at least 10 mg triamcinolone is sufficient to provide significant pain relief. Particulate steroids such as triamcinolone have a potential risk of spinal cord infarction due to embolism of radicular vessels. Thus we always use 1.65 mg dexamethasone, which has an equivalent strength to 10 mg triamcinolone for epidural injections in order to avoid potential adverse effects from an excess of exogenous corticosteroids.
Epidural steroid injections can be performed by TF or IL approaches. A study suggested that the TF approach is more effective than other methods for the treatment of lumbar radiculopathy (14) . In addition, since only 36% of the injected volume spreads into the ventral epidural space by the IL approach (15) , the TF approach may be more appropriate for patients in which radiculitis, which can be caused by herniated disks, is the primary cause of pain (16) (17) (18) . The proposed benefit of the transforaminal approach is to place higher concentrations of corticosteroid and anesthetic preparations close to the nerve root/disc interface (15) . Furthermore, a study demonstrated that the TF approach results in fewer severe complications, such as direct damage to the spinal cord and spinal cord compression by hematoma (19) .
There have not been any studies that compared the analgesic effects of different epidural steroid injection approaches for acute zoster-associated pain. We expected that the TF approach may be more effective as it enables injection of steroids closer to the dorsal root ganglion where inflammation primarily occurs. Although our findings did not demonstrate any difference between the 2 approaches in terms of the efficacy of the treatment, the VAS score was significantly lower at 1 and 3 months following the treatment in both groups. This suggests that epidural steroid injection is effective in managing pain for patients with acutephase shingles, although pain may have been reduced spontaneously in some patients given its acute nature.
Our findings may be explained by the higher injection volume (mL) in the IL group compared with the TF group. Given the same amount (mg) of the local anesthetic for both groups, a total of 4.5 mL was injected by the IL approach, and 1.5 mL was injected by the TF approach. This difference in the injection volume may have caused the difference in the washout effect of inflammatory substances. In a RCT comparing the effects of the volume of local anesthetic in epidural TF injection for patients with lumbar radiculopathy, a significantly higher proportion of patients in the high-volume group reported reduced VAS scores at 4 weeks after the treatment (20) . This finding suggests that high-volume injection of local anesthetics has several effects, including dilution of inflammatory cytokines, removal of adhesions, improvement of blood circulation, suppression of ectopic discharge of affected nerves, and reduction of central sensitization. Therefore, our findings may have been different if the injection volume (mL) had been kept consistent between the groups.
Effect of Epidural Injection for Acute Zoster-Associated Pain
Both TF and IL approaches have merit and demerit. We consider that the TF approach has 5 advantages and 4 disadvantages. First, the TF approach is less likely to cause direct damage to the spinal cord. Second, it has a lower mass effect on the spinal canal when bleeding occurs. Third, it can be performed postoperatively for patients who have undergone surgical procedures such as laminectomy. Fourth, it is less technically challenging, especially for injections into the mid-thoracic vertebrae. Lastly, it allows injection of drugs only into the side of the lesion. In fact, a study compared the spread of a drug by fluoroscopy and demonstrated that the drug spread into the ventral epidural space more effectively and was less likely to spread into the opposite side when injected by the TF approach compared to the IL approach (21) . Thus, the TF approach may lower the risk of side effects associated with the spread of drugs to the healthy side, such as reduced blood pressure and transient reduction of muscular strength in the lower limbs.
Disadvantages of the TF approach include the need for an x-ray fluoroscopy system. In addition, the TF approach has potential risk of inadvertent puncture of the pleura, and in rare cases, can infarct the spinal cord by injuring or embolizing the radicular vessels (22) . Furthermore, there is the risk of damage to the nerve roots.
In the present study, our findings may have been different if intraneural injection had been performed. However, we did not consider intraneural injection as an option as it is associated with strong pain and may cause additional damage to the nerves.
The SF-36 MCS (mental health) score was significantly lower in the TF group at baseline; however, it improved after 1 month to a point where there was no significant difference in SF-36 scores between the 2 groups. The results demonstrated that the efficacy of the TF approach with respect to analgesic impact, is equivalent to that of the IL approach. Reduction of VAS scores at 1 and 3 months after the treatment was associated with a significant improvement in SF-36 MCS (mental health) and RCS (role/social health) scores, suggesting that pain may be correlated with health-related quality of life.
There are 2 limitations to the present study. First, we had a small sample size in the study. There were only 40 patients who satisfied our inclusion criteria during our study period. Given that there was no statistically significant difference between the groups at the end of our study period, we did not prolong the study to include more patients.
Second, our follow-up period of 3 months was relatively short. However, patients with prolonged pain required additional treatments, such as sympathetic ganglion block and spinal cord stimulation, to relieve the pain. We considered it unethical to continue the study for all patients with the same condition without providing additional treatments to those who needed them.
cOnclusiOn
Analgesic effects were observed and the SF-36 RCS (role/social health) and MCS (mental health) scores improved when injections were performed by both approaches; however, there were no differences in the analgesic effects of the IL and TF epidural steroid injections at 1 and 3 months for acute-phase shingles patients.
